In this study, we investigated the impact of climate change on hydrology and sediment load in the Be River Catchment using SWAT hydrological model. The calibration and validation results indicate that the SWAT model is a reasonable tool to simulate the impact of environmental change on hydrology and sediment yield for this catchment. Based on the calibrated model, the responses of hydrology and sediment yield to climate change were simulated. Climate change scenarios (A1B emission scenario) were developed from four GCM simulations (CGCM3.1 (T63), CM2.0, CM2.1, and HadCM3). Under the climate change impacts, the simulated results exhibit that the annual streamflow is expected to decrease by 2.4% to 4.4%, and the annual sediment load is projected to change by -1.4% to 4.5% in the future. It is indicated that changes in sediment yield due to climate change are larger than the corresponding changes in streamflow. In addition, climate change causes increases in annual evapotranspiration (0.8% ~ 2.8%) and decreases in groundwater discharge (4.4% ~ 6.14%) and soil water content (2.0% ~ 4.8%).
INTRODUCTION
The Intergovernmental Panel on Climate Change (IPCC) report reaffirmed that "global warming" is occurring 1) . This global warming leads to changes in precipitation and temperature, thence affects the hydrological cycle, and thus changes the streamflow and also modifies the transformation and transport characteristics of sediment as well as water pollutants 2) . Therefore, climate change is an important factor influencing hydrological conditions and sediment yield. Understanding the hydrologic and sediment responses to climate change is important for water resource planning and management.
Vietnam has experienced changes in climate that include rising air temperatures and more variation in precipitation. In the period of 1958-2007, the annual average temperature increased about 0.5-0.7°C. The annual precipitation decreased in Northern part while increased in Southern part. On an average for the whole country, the rainfall over past 50 years ) decreased approximately 2% 3) . These changes have been led to significant changes in the availability of water resources and sediment yield in Vietnam. Some previous studies have been performed to evaluate the impact of climate change on water resources in Vietnam 4, 5) . However, few studies have investigated future climate change impacts on sediment yield in Vietnam 6) . The specific objective of this study is to assess the impact of climate change on hydrology and sediment load of the Be River Catchment in Vietnam using the SWAT hydrological model. For this purpose, plausible climate scenarios are developed from the GCMs based on the IPCC-AR4 database. The results achieved from this study provide decision-makers important information that they need to help water resources planning efforts and sustainable development. (Fig. 1 ). It has a catchment area of about 7500 km 2 . The altitude varies from 1000m in the highland area to 100m in the plain area with the direction from the northeast to southwest and south. The study area is located in the steep area. The climate is tropical monsoon. The annual rainfall varies between 1800 and 2800 mm with an average of 2400 mm. This area has two seasons: the rainy season and the dry season. The rainy season lasts from May to October and accounts for 85 to 90% of the total annual precipitation. The average temperature is about 25.9ºC, the highest temperature is 36.6ºC and the lowest temperature is 17.3ºC. This area has relatively fertilized land (75% basalt soil) consistent with agricultural development. The total population in 2010 was approximately 1 million people. The Be River Catchment has been assessed as having the most abundant water resources in the Dong Nai River Basin and large hydropower potential. 
METHODOLOGY
(1) Hydrological model: SWAT The Soil and Water Assessment Tool (SWAT) model is a physically based, semi-distributed, basinscale, continuous time hydrological model that operates on a daily/sub-daily time step. In the SWAT, the catchment is divided into hydrological response units (HRUs) based on soil type, land use and slope classes that allow a high level of spatial detail simulation. The model predicts the hydrology at each HRU using the water balance equation:
where SW t is the final soil water content (mm), SW 0 is the initial soil water content (mm), t is the time (days) for simulation period; R, Q, ET, P, and QR are daily precipitation, runoff, evapotranspiration, percolation and return flow on day i, respectively.
The SWAT model uses the Modified Universal Soil Loss Equation (MUSLE) to simulate sediment yield for each HRU. It uses runoff energy to detach and transport sediment. More details can be found in the SWAT Theoretical Documentation 7) . The input data required for SWAT include rainfall, maximum and minimum temperature, land use map, soil map, and Digital Elevation Map (DEM), which are shown in Table 1 In this study, the model evaluation methods were used including Nash-Sutcliffe efficiency (NSE), percent bias (PBIAS), and ratio of the root mean square error to the standard deviation of measured data (RSR). According to Moriasi et al. 8) , the values of NSE greater than 0.5 and the values of RSR less than 0.7 indicate satisfactory model performance for both flow and sediment simulation. PBIAS values that are less than 25% for flow simulation and 55% for sediment simulation are considered satisfactory. . GCMs represent accurately climate at a global scale, but are inaccurate when simulating climate at regional scale 10) . In order to apply the GCMs on a regional scale and create future climate scenarios for local hydrological impact assessment, the delta change method was used to downscale GCM output to regional level. The delta change method has been widely used in previous climate change studies 10, 11) . In essence, it modifies the observed historical time series by adding the difference between future and the baseline periods as simulated by a GCM. The differences are then added to the observed daily maximum and minimum temperature during the baseline period while the ratio is applied to precipitation.
RESULTS AND DISCUSSION (1) SWAT calibration and validation
Calibration and validation efforts were performed to improve the model performance at main gauging stations. The flow-related parameters including curve number (CN2), soil evaporation compensation factor (ESCO), threshold water depth in the shallow aquifer for flow (GWQMN), and baseflow alpha factor (ALPHA_BF) were adjusted to be 14%, 0.74, 2177, and 0.56, respectively. The sediment-related parameters including the exponential factor for the stream power equation (SPEXP), the coefficient in the sediment transport equation (SPCON), and the support practice factor (USLE_P) was adjusted to be 0.003, 1.825, and 0.032. Figure 2 compares simulated and observed daily discharge for the calibration and validation periods at Phuoc Hoa station. Good agreement can be seen between the simulated streamflow and the observed streamflow during these periods. This agreement is shown by NSE = 0.80, RSR = 0.44, and PBIAS = -1.20% for the calibration period and NSE = 0.70, RSR = 0.55, and PBIAS = -6.00% for validation period. Although the simulated and observed streamflow were in the same trend, the peak flow was overestimated. This may have resulted from the precipitation data. Generally speaking, these results reveal that hydrologic processes in the SWAT are modeled realistically for the Be River Catchment which is important for simulation of sediment.
The simulated sediment was calibrated against measured data from July 1999 to 2001 and validated from 2002 to 2004 at Phuoc Hoa gauging station using monthly sediment load (Fig. 3) . The results of statistical evaluations suggest a fit between measured and simulated monthly sediment load. This is confirmed by NSE = 0.80, PBIAS = -6.72%, and RSR = 0.44 for the calibration period and NSE = 0.54, PBIAS = 39.72% and RSR = 0.67 for the validation period. Underestimation of monthly sediment load by the model for the validation period was within the satisfactory level of acceptance, and the simulated result was fairly good.
Considering the goodness-of-fit statistics and the statistical evaluations discussed above, it can be generally concluded that the SWAT model can simulate the streamflow and sediment load reasonably well for the Be River Catchment using the calibrated parameters. (2) Climate change scenarios The baseline and future scenarios of temperature and precipitation under the A1B scenario are shown in Figure 4 . The gray bands provide the range of projections from the four GCMs: CGCM3.1(T63), CM2.0, CM2.1, and HadCM3 while the dashed line represents the ensemble mean GCM projections. The figures show an obvious increase in temperature in the future, while the temperature change amplitude is uncertain due to various climate models. Annual temperature of four GCMs increases range from 1.0ºC to 1.4ºC in 2020s with the ensemble average of 1.1ºC, from 1.8ºC to 2.3ºC in 2050s with the average of 2.1ºC, and from 2.4º to 3.3ºC in 2080s with the average of 2.9ºC. Increases in temperature showed more variation at monthly time step, with a range from 0.3ºC to 2.2ºC in 2020s, 0.9ºC to 2.9ºC in 2050s, and 1.3ºC to 4.2ºC in 2080s. Generally, the climate has more warming from the mid-dry season to the early wet season.
In case of precipitation, the precipitation changes show more uncertainty due to various climate models compared with the temperature changes ( Figure 4 ). Averaged over all GCMs ("ensemble average"), the average annual precipitation decreases slightly in the 2020s and 2050s for both scenarios; there is a decrease of 1.2% (the range of -4.2% ~ 1.7%) in the 2020s and 1.2% (-4.4% ~ 0.3%) in the 2050s. By the 2080s, the annual precipitation increases about 0.7% (-4.9% ~ 5.4%). There could be many reasons for precipitation decreasing in the 2020s and 2050s but increasing in the 2080s. However, this is most likely attributed to the GHG emission scenarios. In terms of seasonal change, the precipitation significantly decreases in the dry season. The decrease in dry-season precipitation is 12.8, 10.5 and 11.8%, respectively. In the wet season, the precipitation increases slightly, with increases of 0.7, 0.4 and 2.8% for the 2020s, 2050s and 2080s, respectively.
Regarding both temperature and precipitation, the changes are clear. However, there is much uncertainty associated with the extent of the change under various possible climate change conditions. This would indicate that future streamflow response predictions are also uncertain. 
(3) Impacts on water balance components
Under the impact of climate change, the evapotranspiration increases in the future. Average increases in evapotranspiration are projected to be 0.8%, 2.1%, and 2.8% for the periods of 2020s, 2050s, and 2080s, respectively. The changes in evapotranspiration may be the result of increases in the future temperature and changes in precipitation in those periods. The mean annual groundwater discharge is estimated to decrease, on average, by 4.4%, 6.1%, and 5.7%, respectively. It has been suggested that the increases in evapotranspiration when temperature increases could result in the reduction of groundwater discharge. Besides that, the increases in evapotranspiration may also lead to decreases in soil water content. Indeed, the mean annual soil water content is projected to decrease by 2.0% in the 2020s, 3.4% in the 2050s, and 4.8% in the 2080s.
(4) Impacts on streamflow and sediment load Figure 5 shows the mean monthly discharge and sediment load for the baseline and future climate of three periods of 2020s, 2050s, and 2080s under the A1B scenarios. Under the impact of climate change scenarios, mean annual streamflow is predicted to decrease during the three future periods. The mean annual decrease of four GCMs is 2.8% (-6.9% ~ 1.7%), 4.4% (-9.0% ~ 0.7%), and 2.4% (-10.1% ~ 4.4%), respectively. The decreases of streamflow can be explained by increases in evapotranspiration and decreases in precipitation. In the 2080s, the precipitation will increase, but the streamflow is simulated to decrease. It may be explained that an increase in streamflow caused by increase in precipitation will be compensated by a decrease caused by increase in evapotranspiration. In the case of seasonal change, the wet season streamflow decreases slightly in a range from 0.9% to 5.1% and 3.3% to 3.7% for the 2020s and 2050s, respectively. In the dry season, the predicted streamflow decreases considerably varied from 18.3% to 22.8% and 13.5% to 16.2% for the 2020s and 2050s, respectively. In the 2080s, the predicted seasonal streamflow changes slightly, ranging from -1.4 to 0.1% in the wet season, but decreases significantly within a range from 7.0% to 10.5% in the dry season. The reason that declining dry season streamflow is rapidly can be explained by the fact that the runoff in the dry season is more sensitive to the changes in evapotranspiration than in the wet season 12) . Considering the impact of climate change on sediment load, the mean annual sediment load is predicted to change by 0.1% (-2.1% ~ 6.3%) in the 2020s, -1.4% (-11.3% ~ 9.8%) in the 2050s, and 4.5% (-8.4% ~ 18.9%) in the 2080s. In general, it is interesting to note that the trends of sediment yield and streamflow do not occur in the same direction.
It is shown clearly in the 2080s that the sediment yield will increase even though the streamflow decreases. For this period, the increase in soil erosion is most likely attributed to the increase in precipitation. Besides that, the increase in temperature could influence soil erosion rate through plant growth rate in the region. When the temperature exceeds the optimum temperature, the plant growth rates begin to slow, which is results in soil erosion 13) . In terms of seasonal change, sediment load is projected to change by 1.4%, -0.1%, and 6.0%, respectively in the wet season. In the dry season, the sediment load is predicted to decrease rapidly by 19.8%, 19.0%, and 17.5%, respectively. Overall, the changes in streamflow and sediment yield are not same with the findings of the study on impacts of climate change in northern Vietnam carried out by Phan et al. 6) . In that study, it is indicated that increasing in the streamflow will increase sediment yield and vice versa.
Generally speaking, different seasons will show different change patterns in streamflow and sediment yield. In addition, the changes in annual and wet season flow and sediment load are not dramatic (less than ±20%) in the future. Furthermore, the uncertainty in sediment load is greater than the uncertainty in flow ( Figure 5 ). Because the sediment yield is calculated in the SWAT model based on the surface runoff using MUSLE equation, it will inherit the uncertainty in flow simulation. 
CONCLUSION
The SWAT model was applied to simulate hydrology and sediment processes under the impact of climate change in the Be River Catchment, Vietnam. The calibration and validation for streamflow and sediment simulations suggest that the SWAT model could simulate streamflow and sediment yield well for the catchment. The calibrated model can be used for investigating the impact of different climate change scenarios on streamflow and sediment yield.
The four GCMs (CGCM3.1(T63), CM2.0, CM2.1, and HadCM3) driven by A1B emission scenario were used to build future climate scenarios in three periods (2020s, 2050s, and 2080s). The projected climate scenarios show that the climate in the study area would generally become warmer under most scenarios and drier in the 2020s and 2050s, but wetter in the 2080s. Climate change in the catchment leads to increases in evapotranspiration, decreases in groundwater discharge, soil water content, and streamflow, and changes in sediment yield. The impact of climate change on sediment yield is more variation than on streamflow and the responses of streamflow and sediment yield do not always occur in the same way. In general, an increase in temperature combined with variable rainfall causes variations of hydrological processes over the year. Furthermore, the impacts of climate change also would exacerbate serious problems related to water shortage in the dry season.
In order to improve the simulated results, collecting the additional data should be considered to improve the model calibration and validation. While hydrological modeling is calibrated and validated at daily time step for the long period, sediment simulation is calibrated and validated at monthly time step for the short period. This is a limitation of simulated results. Besides that, the impact of land-use change is not considered in this study and land-use in the basin is assumed to keep the same in the future. In addition, although it is possible to generate realistic future climate scenarios quickly for four selected GCMs, the delta change method still has the limitation. It does not modify the temporal and spatial pattern of the observed data 14) . Although there are some limitations as mentioned above, the modeling results are considered reasonable in the prediction of climate change impact on hydrology and sediment yield in the catchment. The results obtained in this study could be useful for planning and managing water resources strategies as well as sediment strategies in this region through enhancing the understanding of the impact of various climate change scenarios on hydrology and sediment.
